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Abstract
In this work we study associated production of heavy Z boson and Heavy top quark in
the framework of Littlest Higgs model at e−e+ colliders considering parameter space
allowed by the electroweak precision measurements. According to the free parameters
of the model the possibility of detecting of new heavy particles at
√
s=3000 GeV and
yearly integrated luminosity of L=500fb−1 are discussed. We find that in a narrow
range of the parameter space, s/s′=0.8/0.6,0.7, 0.4 6 xL 6 0.6 and f . 1060 GeV,
a statical significance of 5σ can be achieved. We also discuss constraints on masses
of heavy top quark and heavy Z boson together with the mixing parameters s and
xL at
√
s=3000 GeV.
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1 Introduction
In spite of all experimental tests that Standard Model (SM) has passed successfully, it
contains many theoretical problems. Therefore SM is assumed to be an effective theory
that is valid up to a certain energy scale. Solutions of these shortcomings are proposed
by new physics beyond the SM which should exist at TeV scale. Hierarchy problem is the
main motivation for the existence of new physics at the TeV scale. It is the problem about
Higgs scalar receiving quadratically divergent loop contribution to its mass through its
coupling to SM particles; the top quark, the weak gauge bosons and its self quadratic term
and the mass term requires fine-tuning of huge quantum corrections cancelling each other.
In order to solve the hierarchy problem, many extended theories are proposed beyond the
SM such as supersymmetry, extra dimensional model, left-right twin Higgs model and little
Higgs models.
The Little Higgs models provide a solution to the hierarchy problem by regarding the
SM Higgs particle as a Pseudo-Goldstone boson of a new global symmetry group [1, 2, 3, 4,
5]. The models using collective symmetry breaking can be divided into two groups which
provide a natural way giving the Higgs boson mass: product group models and simple
group models. Their main difference is the choice of the new global symmetry. As a result
of collective symmetry breaking, Little Higgs models contain, in addition to the SM, new
heavy particles whose contributions cancel the loop quadratic divergences in the Higgs
mass. This cancellation occurs between particles which have the same quantum numbers
as the SM. There are several studies in literature on phenomenology of Little Higgs Models
[6, 7, 8]. Also the models which have different theory space get constraints by electroweak
precision measurement data [9, 10, 11, 12, 13, 14].
The minimal version of the Little Higgs Models is ”Littlest Higgs Model” (LH) [6]. It
is a product group model which is based on SU(5)/SO(5) non linear sigma model. The
global SU(5) symmetry containing a gauged subgroup [SU(2)1 × U(1)1]×[SU(2)2 × U(1)2]
is broken to a global SO(5) symmetry at scale Λ by a vacuum expectation value of order of
f . The gauged symmetry [SU(2)1 × U(1)1]×[SU(2)2 × U(1)2] is spontaneously broken into
the SU(2)W × U(1)Y , identified as the SM gauge group. This symmetry breaking results
in fourteen Goldstone bosons which are parametrized by a non linear sigma field. Four
of them are eaten by the heavy gauge bosons (ZH ,W
∓
H , AH) associated with the broken
symmetry. After these gauge bosons obtain their masses, the remaining ten Goldstone
bosons will come the complex doublet (h+, h0) and complex scalar triplet (φ0, φP , φ+ and
φ++) of the electroweak gauge group which is identified as the SM Higgs and complex
triplet which gains a mass of the scale f , respectively. Also a new vector-like top quark
(T ) which is the heavy partner of the SM top quark is taken into account to cancel the
quadratically divergent contribution from Higgs coupling to the SM top quark. The new
heavy particles proposed by the LH interact with each other and with the SM particles.
The heavy vector like top quark is commonly predicted by many extensions of the SM
and limits on the existence of the new particles have been studied in the literature as
model dependent and independent [15, 16, 17, 18, 19, 20, 21, 22]. LHC collaborations have
performed the searches for the heavy top quark using first run of LHC. the heavy top quark
with mass less than 700 GeV has been excluded by ATLAS [23] and CMS [24].
In this work, the productions of the new heavy gauge boson ZH and heavy top quark
T via e−e+ → ZHTt in the Littlest Higgs model are examined. High energy linear e−e+
colliders which have the clean environment are of particular importance to study production
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of the new heavy particles predicted by the Little Higgs Models [25]. In literature, there
are several studies which have analyzed the Little Higgs models in e−e+ which can be
transformed to eγ and γγ and LHC considering heavy top quark and heavy Z gauge
boson [26, 27, 28, 29, 30, 31, 32, 33].
The rest of this paper is organized as follows: In section II we give a brief review
of general features of the Littlest Higgs model. In Sec. III we will discuss associated
production of heavy Z boson and heavy top quark in e−e+ collisions according to free
parameters of the model. Finally, the conclusions are presented in Sec. IV.
2 The Model
Littlest Higgs model is a non linear sigma model based on SU(5) global symmetry which
contains a gauged [SU(2)×U(1)]1× [SU(2)×U(1)]2 subgroup. The global SU(5) is broken
into SO(5) via vacuum expectation value of the sigma field at the f scale ∼ 1 TeV [6],
Σ = e
iΠ
f Σ0e
iΠT
f . (2.1)
The symmetry breaking vacuum expectation value is chosen as
Σ0 =
 0 0 I0 1 0
I 0 0
 (2.2)
where I is the 2 × 2 identity matrix. As a result of the symmetry breaking there will be
fourteen massless Goldstone bosons. Four of these will be removed by the Higgs mechanism
when the [SU(2) × U(1)]2 is broken to its diagonal subgroup which is identified as the
[SU(2)× U(1)]. The remaining Goldstone bosons are parametrized by a non-linear sigma
model field where the Goldstone boson matrix Π is
Π =
 h†/√2 φ†h/√2 h∗/√2
φ hT/
√
2
 (2.3)
where h is a complex doublet, h = (h+, h0) and φ is a complex electroweak doublet which
is form
φ =
(
φ++ φ+/
√
2
φ+/
√
2 φ0
)
.
The kinetic term for the Σ field can be written as [6]
Lkin = f
2
8
Tr
{
DµΣ(D
µΣ)†
}
, (2.4)
where [6]
DµΣ = ∂µΣ− i
2∑
i=1
[
gi(WµiΣ + ΣW
T
µi) + g
′
i(BµiΣ + ΣB
T
µi)
]
(2.5)
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Wµi and Bµi are the SU(2) and U(1) gauge fields, respectively, and gi and g
′
i are the
respective gauge couplings. The orthogonal combinations of gauge bosons are identified as
SM gauge bosons and the heavy gauge bosons mass eigenstates are given by [6]
W = sW1 + cW2 W
′ = −cW1 + sW2
B = s′B1 + c′B2 B′ = −c′B1 + s′B2 . (2.6)
(c, c′, s, s′) denote the cosine and sine of mixing angles, respectively and they are described
by the gauge couplings of the SU(2)L × U(1)Y groups; g = g1s = g2c and g′ = g′1s′ = g′2c′.
The g and g′ are the SM couplings,
1
g2
=
1
g21
+
1
g22
,
1
g′2
=
1
g′1
2 +
1
g′2
2 . (2.7)
At the scale f , the SM gauge bosons W and B remain massless (mW and mB) while
the heavy gauge bosons (mW ′ and mB′) acquire masses as mW ′ = gf/2sc and mB′ =
g′f/2
√
5s′c′. In the scalar sector of the LH, Coleman-Weinberg potential triggers the
electroweak symmetry breaking then h and φ acquire vacuum expectation values:〈h0〉 =
v/
√
2 and 〈φ0〉 = v′. By the electroweak symmetry breaking there is a mixing between SM
gauge bosons and heavy gauge bosons due to vev of h and φ. The final mass eigenstates
of charged and neutral gauge bosons at order of v2/f 2 are given by[15]
M2AL = 0, M
2
W±L
= m2W
(
1− v
2
f 2
(
1
6
+
1
4
(
c2 − s2)2))
M2ZL = m
2
Z
(
1− v
2
f 2
(
1
6
+
1
4
(
c2 − s2)2 + 5
4
(
c′2 − s′2)2)) (2.8)
M2AH = m
2
Zs
2
W
(
f 2
5s′2c′2v2
− 1
)
M2ZH = m
2
W
(
f 2
s2c2v2
− 1
)
≈M2
W±H
(2.9)
where L and H indices denote light and heavy gauge bosons respectively. AL remains
massless while W∓L and ZL masses get correction of order of v
2/f 2. Here sw and cw are
the usual mixing angles, sw =
g′√
g2+g′2
and cw =
g√
g2+g′2
, mW and mZ are the SM gauge
boson masses and v = 246 GeV.
As can be seen in Fig. 1, the mass of the ZH(AH) mainly depends on the free parameters
of the model (s(s′) and f). For v/f >0.081, the mass of the heavy photon is lighter than
500 GeV in the limits on Littlest Higgs model which is constrained by the electroweak
precision measurement while the mass of the heavy Z boson is lighter than 2 TeV as can
be seen in Table 1 and Fig 1. So AH is much lighter than ZH , MZH ' 4MAH . So the future
colliders should get the first signal of AH . Decay channels of the ZH have been analyzed
to test the Little Higgs Models in [26, 28, 29, 33].
In the LH model the couplings between fermions and gauge bosons are written in the
form iγµ(gV +gAγ5). Vector and axial couplings depend on free parameters of the model:
s, s
′
, f and xL. Relevant couplings are given in Table 2. The decay width of the heavy
bosons into fermion pairs can be written as ΓVi =
C
24pi
(g2V + g
2
A)MVi where C is 3 for quarks
and C is 1 for leptons. Then total decay widths of the heavy gauge bosons as functions of
the masses are given as [26]
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Figure 1: The masses of the ZH(left) and AH (right) as functions of v/f for different
values of s and s′=0.1 (dot-dashed line), 0.3 (dashed line) and 0.5 (solid line).
ΓZH =
g2MZH (193− 388s2 + 196s4)
768pis2(1− s2)
ΓWH =
g2MWH (97− 196s2 + 100s4)
384pis2(1− s2) (2.10)
ΓAH =
g′2MAH (21− 70s′2 + 59s′4)
48pis′2(1− s′2)
The masses and the total decay widths of heavy gauge bosons are given in Table 1 for
v/f = 0.1.
s/s′ MZH , MWH (GeV) MAH (GeV) ΓZH (GeV) ΓWH (GeV) ΓAH (GeV)
0.1/0.1 8082 1973.2 27094.2 27231.8 3430.5
0.2/0.3 4103.3 684.8 3333.5 3349.4 107.6
0.5/0.5 1855.5 451.4 187.9 188.4 14.7
0.7/0.6 1606.8 406.8 56.3 56.4 5.2
0.8/0.7 1673.5 390.4 31.8 31.9 1.1
0.9/0.9 2048.5 498.7 17.1 16.9 8.3
Table 1: Total decay widths and masses of heavy gauge bosons with respect to LH param-
eters
In the LH model, fermion sector introduces a new pair of heavy vector-like fermions
which couple to the Higgs in order to cancel the quadratic divergences to the Higgs mass
due to the SM top quark. For the first two generations there is no need to introduce heavy
partners because their Yukawa couplings are much smaller than the top quark and do not
have an important contribution to the quadratic divergence of the Higgs mass. t˜ and t˜′c are
new top quarks proposed by the LH model. Top sector Lagrangian can be written as [6]
Lt = 1
2
λ1fijkx,yχiΣj,xΣk,yu
′c
3 + λ2f t˜t˜
′c + h.c. (2.11)
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where χ is the row vector,χi = (b3, t3, t˜) and u
′
3 is the right-handed top quark of the SM.
The indices i, j, k are summed over 1, 2, 3 and x, y over 4, 5. The first and second term
give the coupling of the Higgs boson to fermions and the mass term of the heavy top quark,
respectively. If Lt is expanded around the vacuum expectation value Σ field, we obtain [6]
Lt = λ2f t˜t˜′c + λ1f t˜u′c3 −
λ1
f
t˜h†hu′c3 − iλ1
√
2q3h
†u′c3 + h.c.+ ... (2.12)
where q3 is a row vector, q3 = (b3, t3). We have omitted the contribution of φ boson in Eq
(2.12). Before electroweak symmetry breaking, the mass eigenstates which is defining mix
of t˜c and u′c3 are given by
tcR = u
c
3 =
λ2u
′c
3 − λ1t˜′
c√
λ21 + λ
2
2
, T cR = t˜
c =
λ2t˜′
c
+ λ1u
′c
3√
λ21 + λ
2
2
. (2.13)
At the scale f , tL = t3 which is identified as SM top quark is massless while the mass of
heavy top partner (t˜) is defined by
mt˜ = f
√
λ21 + λ
2
2 . (2.14)
After electroweak symmetry breaking, the mass eigenstates of the top quark and its heavy
partner T are given by
tL = cLt3 − sLt˜, tcR = cRu′c3 − sRt˜′
c
(2.15)
TL = sLt3 + cLt˜, T
c
R = sRu
′c
3 + cRt˜
′c (2.16)
The mixing between the right-handed top quark and heavy top quark can be written
shortly [15]
xL =
λ21
λ21 + λ
2
2
(2.17)
when xL = λ1 =0, there is no mixing between right handed top quark and heavy top quark.
If xL =1 (λ2 =0) the mass eigenstate of t˜
c is equal to the right handed top quark, u′3 and
the mixing angles are
cL = 1− v
2
f 2
x2L
2
, sL = xL
v
f
[
1 +
v2
f 2
(
−5
6
+
fv′
v2
+ xL
(
2− 3
2
xL
))]
sR =
√
xL
[
1− v
2
2f 2
(
1− 3xL + 2x2L
)]
, cR =
√
1− xL
[
1 +
v2
f 2
(
1
2
xL − x2L
)]
.
After the implementation of these rotations, the masses of the SM top quark t (light top
quark) and T heavy top quark up to order v2/f 2 can be expressed by [15]
mt =
λ1λ2v√
λ21 + λ
2
2
[
1 +
v2
f 2
(
fv′
v2
− 1
3
+
1
2
λ21
λ21 + λ
2
2
(
1− λ
2
1
λ21 + λ
2
2
))]
(2.18)
mT = f
√
λ21 + λ
2
2
[
1 +
v2
f 2
λ21λ
2
2
2(λ21 + λ
2
2)
2
]
. (2.19)
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Figure 2: The mass of heavy top quark, T , as a function of v/f for different values of xL.
Since the SM top quark mass is known, the bound on λ1 and λ2 which is expected to
be O(1) can be expressed as [15]
1
λ21
+
1
λ22
=
v2
m2t
(2.20)
λ1 and λ2 can be written in terms of mt and xL
λ1 =
mt
v
1√
1− xL
, λ2 =
mt
v
1√
xL
(2.21)
where xL can vary in the range 0 < xL < 1.
As can be seen in Fig. 2, the masses of heavy top quark increase as xL increases but
decrease as v/f increases. To avoid the fine-tuning problems, the mass of the heavy top
quark mass should be about 2 TeV [6, 32]
3 The process e−e+ −→ ZHTt in the Littlest Higgs
Model
In this section, we study e−(p1)e+(p2) −→ ZH(p3)T (p4)t(p5) in the LH model. The process
gets additional contributions from ZH , ZL, AH , AL. Relevant tree-level Feynman diagrams
are shown in Fig. 3(a-h). In our numerical calculations, SM input parameters are taken
as MZ=91.2 GeV, MW=80.2 GeV, MH=125 GeV, Mt=173.07 GeV, α(mZ)=1/128.8 and
sin2θW=0.231. In addition to SM parameters, LH model includes four free parameters s,
s′, f and xL which depends on λ1 and λ2 as given in Eq. (2.17). Taking the constraints of
the electroweak precision data into account (1 TeV 6 f 6 2 TeV, 0.75 6 s 6 0.99, 0.6 6 s′
6 0.75), we take the parameters as f=1∼2 TeV, s/s′=0.8/0.6,0.7 which are consistent with
the eletroweak precision data and λ1 = λ2. For the numerical calculations of the production
cross section, all relevant vertices are implemented in the CalcHEP [34]. For Fig. 3(a-h),
we present the amplitudes. Vector and axial vector couplings for gauge bosons and fermion
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pairs are given in Table 2 where xW
′
Z =
1
2cw
sc(c2−s2), xB′Z = 52sw(s′c′(c′2−s′2)) , χ=−
5
6
− 3
2
xL
2+2xL,
ye=
3
5
and yu=−25 . In our calculations we define the following notations for couplings:
ΛVj
−
f f = (g
Vj
−
f f
V + g
Vj
−
f f
A γ5) (3.1)
where j=1, 2, 3, 4 correspond to AL, ZL, AH , ZH , respectively. The amplitudes for Fig 3(a,
b, c, d,e and h) are s channel processes with q = p1 + p2. The amplitudes for the diagram
Fig. 3(a-b) are written
Ma = u¯(p5)iγµΛ
V1tt
[
i
(/q′ +mt)
q′2 −m2t
]
v(p4)iγνΛ
V4Ttν(p3)
[
−ig
µσ
q2
]
v¯(p2)iγσΛ
V1
−
eeu(p1)
Mb =
∑
j=2,3,4
u¯(p5)iγµΛ
Vjtt
[
i
(/q′ +mt)
q′2 −m2t
]
v(p4)iγνΛ
V4Ttν(p3)
[
−i (g
µσ − qµqσ/m2Vj)
q2 −m2Vj + imVjΓVj
]
v¯(p2)iγσΛ
Vjeeu(p1)
where q′ = q − p5. For the diagrams Fig. 3 (c-d), the amplitudes are written
Mc = u¯(p5)iγµΛ
V4Ttµ(p3)
[
i
(/q′ +mT )
q′2 −m2T
]
v(p4)iγνΛ
V1TT
[
−ig
νσ
q2
]
v¯(p2)iγσΛ
V1eeu(p1)
Md =
∑
j=2,3
u¯(p5)iγµΛ
V4tT µ(p3)
[
i
(/q′ +mT )
q′2 −m2T
]
v(p4)iγνΛ
VjTT
[
−i (g
νσ − qνqσ/m2Vj)
q2 −m2Vj + imVjΓVj
]
v¯(p2)iγσΛ
Vjeeu(p1)
where q′ = q − p4. For the diagram Fig. 3e
Me =
∑
j=2,3,4
u¯(p5)iγµΛ
V4ttµ(p3)
[
i
(/q′ +mt)
q′2 −m2t
]
v(p4)iγνΛ
VjTt
[
−i (g
νσ − qνqσ/m2Vj)
q2 −m2Vj + imVjΓVj
]
v¯(p2)iγσΛ
Vjeeu(p1)
where q′ = q − p4. The amplitudes for diagrams Fig. 3f and 3g are given by
Mf =
∑
j=2,3,4
u¯(p5)iγµΛ
VjTtv(p4)
[
−i (g
µν − qµqν/m2Vj)
q2 −m2Vj + imVjΓVj
]
v¯(p2)iγσΛ
V4eeσ(p3)
[
i
(/q′ +me)
q′2 −m2e
]
iγνΛ
Vjeeu(p1)
Mg =
∑
j=2,3,4
u¯(p5)iγµΛ
VjTtv(p4)
[
−i (g
µσ − qµqσ/m2Vj)
q2 −m2Vj + imVjΓVj
]
v¯(p2)iγσΛ
Vjee
[
i
(/q′ +me)
q′2 −m2e
]
iγνΛ
V4eeν(p3)u(p1)
where q′ = p1 − q for the Fig. 3f and 3g. Fig. 3h includes the coupling of fermion pairs
to Higgs boson and two gauge bosons to Higgs boson. We denote the coupling of fermion
pairs to Higgs boson as ΛH
−
f f and the relevant coupling can be written as
ΛH
−
Tt = −i λ
2
1√
λ21 + λ
2
2
[1 +
v2
f 2
(−3
2
− 4f
2v
′2
v4
+ 3
fv′
v2
+
5
2
λ21
λ21 + λ
2
2
−3
2
λ4
(λ21 + λ
2
2)
2
)]PL − iλ1λ
3
2
(λ21 + λ
2
2)
3
2
v
f
PR
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Figure 3: Feynman diagrams of the process e−e+ −→ ZHTt in the Littlest Higgs Model.
The couplings of the gauge bosons to Higgs boson are given in Table 3. For Fig. 3h
amplitude is given by
Mh =
∑
j=2,3,4
u¯(p5)Λ
HTtv(p4)
[
i
q′2 −m2H
]
ΛCkgµν
ν(p3)
[
−i (g
µσ − qµqσ/m2Vj)
q2 −m2Vj + imVjΓVj
]
v¯(p2)iγσΛ
Vjeeu(p1)
where q′ = p4 + p5.
With the above amplitudes, we can calculate the production cross section. This process
has contributions both s-channel and t-channel by exchancing of AL, ZL, AH , ZH . Produc-
tion cross section is plotted with respect to center of mass energy in Fig. 4 for different s
and s′ for f=1 TeV and λ1=λ2 at
√
s=3000 GeV. Production cross section in s-channel is
more dominant than t-channel for the process. The values of the cross section are in the
range 10−5 pb 6 σ 6 1.17 10−4 pb in 2.83 TeV6 √s 6 3 TeV (s/s′=0.8/0.6) and 1.25
10−5 pb 6 σ 6 7.65 10−5 pb in 2.84 TeV6 √s 6 3 TeV (s/s′=0.8/0.7). If we take that
integrated luminosity L=500 fb−1, several tens of ZHTt events will be generated.
Fig. 5 shows the cross section as a function of the symmetry breaking scale f for
the different values of the mixing angles s/s′ (0.8/0.6,0.7) at
√
s=3000 GeV. One can
see from Fig. 5 that the production cross sections which are sensitive to the mixing
parameters decrease as f increases. The values of the cross section at f=1 TeV are 1.40
10−5 pb and 1.24 10−5 pb for s/s′=0.8/0.6 and s/s′=0.8/0.7, respectively. For the values of
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Figure 4: The production cross section as a function of the center of mass energy for
f=1TeV, s/s′=0.8/0.6 (solid line) and s/s′=0.8/0.7 (dot line) at
√
s=3000 GeV.
Figure 5: The production cross section as a function of the symmetry breaking scale f for
s/s′=0.8/0.6 (solid line) and s/s′=0.8/0.7 (dot line) at
√
s=3000 GeV.
f >1060GeV, the cross sections are too small at
√
s=3000 GeV. Therefore heavy particles
are difficult to be detected.
Fig. 6 shows the cross section as a function of the mixing angle (s) for different values
of s′. We have taken xL=0.4 and interval of the mixing angle s′ considering the electroweak
precision data for f=1 TeV. For 0.6 6 s′ 6 0.75, the cross section decreases as s′ increases.
For xL=0.4 and different values of the s
′, the cross section decreases as s increases. When
we take 0.4 6 xL 6 0.6 the cross section increases as xL increases. For the values, out of
9
Figure 6: The production cross section as a function of s for f=1TeV, xL=0.4 and s
′=0.6,
0.65, 0.7 and 0.75 at
√
s=3000 GeV.
Figure 7: Contours for the masses of the ZH and T together with the mixing parameters
at
√
s=3000 GeV and f= 1 TeV.
10
0.4 6 xL 6 0.6, the cross section is too small.
Fig.7 shows the constraints on heavy top quark and heavy Z boson together with the
mixing parameters s and xL at
√
s=3000 GeV. For 0.28 6 s 6 0.62 and 0.38 6 xL 6 0.66,
the production cross section is at order of 10−4 pb and the ranges of the masses are 1.7
TeV 6 MT 6 1.9 TeV and 0.85 TeV 6 MZH 6 1.16 TeV. We may exclude the region out
of the values. For 0.24 6 s 6 0.88 and 0.3 6 xL 6 0.78, the production cross section is
at order of 10−5 pb and the ranges of mass are 1.64 TeV 6MT 6 2.04 TeV and 0.82 TeV
6MZH 6 1.4 TeV. For ZH and T at
√
s=3000 GeV with L=500 fb−1, a part of the mixing
parameter space can be discovered at 10−5 pb considering the electroweak precision data.
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c′
s′
swxB
′
Z
2
+ c
s
cwxW
′
Z
2
))}
g
2cW
{vxL
2f
+ v
2
f2
swxB
′
Z
s′c′
xLλ2
5λ1
+ v
3
f3
(−x3L
4
+
xL
2
χ− xL( c′s′
swxB
′
Z
2
+ c
s
cwxW
′
Z
2
))}
6 AHee
g′
2s′c′ (2ye − 95 + 32c
′2) g
′
2s′c′ (−15 + 12c
′2)
7 AHtt
g′
2s′c′ (2yu +
17
15
− 5
6
c
′2 − 1
5
xL)
g′
2s′c′ (
1
5
− 1
2
c
′2 − 1
5
xL)
8 AHTt
g′
2s′c′ (
1
5
xL
λ2
λ1
+ v
f
1
2
c
′2xL)
g′
2s′c′ (
1
5
xL
λ2
λ1
− v
f
1
2
c
′2xL)
9 AHTT
g′
2s′c′ (2yu +
14
15
− 4
3
c
′2 + 1
5
xL)
g′
2s′c′
1
5
xL
10 ZHee − gc4s gc4s
11 ZHtt
gc
4s
− gc
4s
12 ZHTt
gxLvc
4fs
−gxLvc
4fs
Table 2: Vector and axial couplings of fermions with light and heavy vector bosons[15].
k Vertices ΛCkgµν
1 ZHµZHνH − i2g2vgµν
2 ZLµZHνH − i2 g
2
cw
(c2−s2)
2sc
vgµν
3 ZHµAHνH − i
4
gg′ (c
2s
′2+s2c
′2)
scs′c′ vgµν
Table 3: The interaction vertices for ViVjH. i and j denote light (L) and heavy (H) gauge
bosons [7].
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4 Conclusion
In this work, we calculate the associated production of heavy top quark (T ) and heavy Z
boson (ZH) in e
−e+ colliders. It is found that with 500 fb−1 of integrated luminosity, in
a narrow range of the parameter space, s/s′=0.8/0.6,0.7, 0.4 6 xL 6 0.6 and f . 1060
GeV, a statical significance of 5σ can be achieved. As it is seen in contours for the masses
of ZH and T for 0.24 6 s 6 0.88 and 0.3 6 xL 6 0.77, the production cross section is at
order of 10−5pb and the ranges of the masses are 1.64 TeV 6 MT 6 2.04 TeV and 0.82
TeV 6MZH 6 1.4 TeV at
√
s=3000 GeV.
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